Background: Mutations of cyclooxygenase gene (COX gene) may increase the susceptibility of ischemic stroke. We investigated five variants (rs5788, rs1330344, rs3842788, rs20417, and rs689466) of two COX genes in order to explaining the association between these polymorphisms and we also investigated the association between these variants and ischemic stroke risk to determine whether gene-gene interaction between these genes increases the susceptibility of ischemic stroke or its subtypes. Methods: A total of 1981 study subjects (1078 cases and 903 control subjects) were recruited. The interaction of multiple factors was investigated using Multifactor Dimensionality Reduction. The additive effect of single nucleotide polymorphisms on ischemic stroke or its subtypes were analyzed by multiple factor logistic regression. Results: At COX-1(rs1330344), AA genotype carriers had a lower susceptibility of ischemic stroke (OR = 0.657, 95%CI = 0.437-0.988, P = 0.044), and A allele carriers had a lower susceptibility of ischemic stroke (OR = 0.812, 95%CI = 0.657-0.978, P = 0.029). At COX-1(rs3842788), AA genotype carriers had a higher susceptibility of ischemic stroke (OR = 5.203, 95% CI = 1.519-5.159, P = 0.016). At COX-2 (rs689466), AA genotype carriers had a higher susceptibility of large-artery atherosclerosis (OR = 1.404, 95% CI = 1.019-1.934, P = 0.038). COX-1(rs1330344, rs3842788) and COX-2 rs689466 interacted in SVO, but had no additive effect with ischemic stroke and other subtypes. Conclusions: At rs1330344, AA genotype may reduce the susceptibility of ischemic stroke. At rs3842788, AA genotype may increase the susceptibility of ischemic stroke. At rs689466, AA genotype may increase the susceptibility of large-artery atherosclerosis (LAA). COX − 1(rs1330344, rs3842788) and COX-2 rs689466 interacted in small vessel occlusion (SVO), but had no additive effect with ischemic stroke and other subtypes.
Background
Stroke is a common cerebrovascular disease, which is the second cause of disability and mortality worldwide. The most common type of stroke is ischemic stroke, which accounts for approximately 80% of all stroke cases [1, 2] . As a complex disease, ischemic stroke was characterized by several etiological factors and likely affected by various genes, environments, lifestyles, and other causes; which could produce complex high-order interactions to this disease [3] [4] [5] [6] .
Researchers had found that lipid metabolism, blood coagulation, fibrinolysis system and inflammatory factors played a very important role in the pathogenesis of ischemic stroke [5] . On one hand, the mutation of some gene involved in the inflammatory response can cause the internal environment disturbance which might lead to the occurrence and development process of atherosclerosis. On the other hand, ultimately unstable or ruptured atherosclerotic plaque will cause the occurrence of acute cerebrovascular diseases. Therefore, Atherosclerosis is the main pathophysiological basis of both cardiovascular and cerebrovascular diseases. Atherosclerosis is a kind of multifactorial disease, involving many factors such as gene, environment, metabolic interaction at the same time and also a kind of participation by a variety of inflammatory cytokines and cell proliferation of chronic inflammation [7] . Furthermore, the adhesion, aggregation and release of platelet is another important part of the thrombosis. The platelet adhesive phenomenon (platelet aggregation) is closely related to thrombosis. In recent years, many scholars have found that the metabolic product of arachidonic acid (AA)plays an important role in the formation of atherosclerosis and thrombosis and is closely related with the incidence of ischemic stroke. Meanwhile AA metabolic disorders affects the stability of vascular endothelium, vasomotor function and platelet aggregation, which lead to the occurrence of vessel diseases [8, 9] .
Genome-wide association studies (GWAS)have verified various ischemic stroke-associated inflammatory factor genes, including cyclooxygenase or prostaglandin oxidase (COX) [10] [11] [12] [13] [14] [15] [16] [17] . COX is a bifunctional enzyme with oxidase and catalase activities. It is also a key enzyme in the arachidonic acid metabolism of prostaglandins (PGs) and thromboxane A2 (TXA2). Prostaglandin E2(PGE2) is involved in inflammation, and TXA2 is implicated in platelet aggregation and vasoconstriction [16] . COX gene is closely related to ischemic stroke, elucidating its genetic mechanism has a great significance in exploring the risk prediction of ischemic stroke and developing new targets for drug treatment. There are two forms of COX in the human body currently: COX-1 and COX-2. One is the structural type COX-1, which is stably expressed in normal cells, catalyzes the formation of PGs to maintain normal physiological function, regulates platelet functional activity and coagulation function. And the other is induced type COX-2, which is only highly expressed when the cells affected by various factors to participates in physiological and pathological processes of inflammation or tumor such as oncogenes, cytokines, growth factor, endotoxin, carcinogen, catalyzes prostaglandin E 2 (PGE2) [18] . Based on this physiological role, we assumed that the mutation of COX gene may be associated with the susceptibility of ischemic stroke. Maree et al. [19] has demonstrated that COX-1 gene mutation can change the platelet aggregation rate and affect thrombus formation, therefore it would cause thrombotic diseases such as ischemic stroke by regulating arachidonic acid (AA) metabolic processes. GWAS and other related studies have revealed that multiple SNPs of a COX-2 gene can influence inflammatory processes in the human body by regulating the expression of its products, such as PGs increasing the formation of plaque [17] . And there was a study showed that COX-2 is an ischemic stroke-susceptible gene in African-American and European populations [20] .
However, there are some controversial researches of COX-1 and COX-2. There is no specific locus associated with ischemic stroke, and the results varied from population to population [21] [22] [23] [24] [25] [26] . It maybe because it is hard to use the statistical significance of single SNP studies on ischemic stroke to explain the association between SNPs in the same gene. Therefore, it is very important for us to consider the interacting effects of multiple SNPs on ischemic stroke. So we conducted a largesample case-control study to investigate the association of five variants (rs5788, rs1330344, rs3842788, rs20417, and rs689466) of COX-1 and COX-2 genes with ischemic stroke and to investigate the pattern of genetic variation within COX and to explore whether gene-gene interactions between these genes increase the susceptibility of ischemic stroke or its subtypes.
Methods

Samples
Genomic DNA was isolated from morning fasting peripheral venous blood of 1078 cases of patients with diagnosed of ischemic stroke (ischemic stroke group) and 903 cases of non-ischemic stroke subjects (control group) from the Han racial/ethnic groups in Mainland China. All the patients came from the same region of the Han population and were matched in terms by gender and age. Patients' information was obtained from the stroke database of the Neurology Department of West China Hospital.
The inclusion criteria were as follows: 1) age ≥ 40 years old; 2) the diagnose of ischemic stroke was confirmed by brain magnetic resonance imaging according to WHO diagnostic criteria [27] . Exclusion criteria was as follows: 1) hemorrhagic stroke, or recurrent ischemic stroke; 2) other etiologies of ischemic stroke: stroke of other determined etiology (SOD), or stroke of undetermined etiology (SUD); 3) cerebrovascular malformation or brain tumor. In this study, ischemic stroke group were divided into three subtypes: large-artery atherosclerosis (LAA), cardioembolic stroke (CES), and small vessel occlusion (SVO) according to TOAST typing [28] . We selected the patients without stroke history and none cerebral infarction lesions in CT/MRI into control group. The purpose of the study was described in detail, and informed consents were obtained from all the participants. This study was approved by the Ethics Review Committee of West China hospital, Sichuan University.
Demographic data and characteristics of participants
The following demographic data and relevant characteristics were obtained: hypertension (SBP ≥ 140 mmHg/DBP ≥ 90 mmHg) or medication intake, diabetes (random blood glucose ≥7.0 mmol/L) or medication intake, coronary heart disease, hyperlipidemia (cholesterol, TC ≥ 5.62 mmol/L/, or triglyceride, TG ≥ 1.92 mmol/L) or medication intake, smoking (≥ 10 cigarettes per day, smoking age > 1 years, or duration of smoking cessation ≤3 years), [29] and drinking (> 50 ml/d, > 1 year). Other data were also collected from patients' medical records.
Genotype determination
Genomic DNA was isolated with an AxyPrepTM blood genomic DNA maxiprep kit (Axygen Biosciences, USA). Five SNPs of COX-1 and COX-2 were retrieved from the NCBI database (http://www.ncbi.nlm.nih.gov/SNP). Five SNPs selected for our study (based on potential functional significance and minor allele frequency of > 0.10)-
and COX-2-1195G/A (rs689466) [30] . Genotyping was performed in a blinded manner by K-Biosciences (Herts, UK) (http://www.kbioscience.co.uk/) using a competitive allele-specific PCR system (KASPar).
Statistical analysis
Three common genetic models are used in related studies: dominant, recessive, and additive model. In this study, each SNP contained the major allele A and minor allele B. AB+BB versus AA was calculated by the dominant model, BB versus AB+AA was determined by the recessive model, and AB versus AA or BB versus AA was examined by the additive model. The three models for each site were statistically analyzed by SPSS 19.0 (SPSS Inc., Chicago, IL, USA). The frequencies of each allele and genotype were calculated by performing χ 2 test and described as mean ± SD. The Hardy-Weinberg equilibrium of the five polymorphic distributions of the patients and controls was evaluated through a chi-square goodness-of-fit test. The correlation of the SNPs and their cumulative effects on ischemic stroke were examined through multiple factor logistic regression after adjusted related risk factors, such as gender, age, smoking, and hypertension. The interaction of multiple factors was investigated using MDR version 3.0.2 (http://sourceforge.net/projects/mdr/). Odds ratios were calculated with 95% confidence intervals. P < 0.05 was considered statistically significant.
Results
Study population and baseline characteristics
There were in total 1981 subjects, including 1078 cases of ischemic stroke patients and 903 cases of control group. The clinical characteristics of the patients and controls were listed in Table 1 . The proportion was higher of hypertension, diabetes, hyperlipidemia, and coronary heart disease, smoking in patient group, and also higher fibrinogen level, lower high-density lipoprotein cholesterol (HDL-C) level and lower blood platelet (PLT) level. There were significant differences of the proportion of men in our study between the case group and the control group. LDL-C level between two groups had no significant difference. These risk factors such as sex, hypertension, diabetes, smoking, alcohol consumption, triglyceride level, platelet level and fibrinogen level were associated with the three subtypes-LAA, CES and SVO groups of ischemic stroke, and the distribution of the three groups was also statistical significantly different.
Genotype and allele frequency distributions of SNPs in ischemic stroke and controls( Table 2) At COX-1 (rs5788) andCOX-2 (rs20417), no significant differences were observed in genotype and allele frequencies between the ischemic stroke group including the three subtypes (LAA, CES, SVO) and the control group, even after we using multivariate analysis by adjusting for age, gender and related risk factors.
At COX-1(rs1330344), compared to the GG genotype, the AA genotype carriers had a lower susceptibility of ischemic stroke, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors (OR = 0.657, 95% CI = 0.437-0.988, P = 0.044). And the AA genotype carriers also had a lower susceptibility of CES or SVO (OR = 0.506, 95% CI = 0.262-0.978, P = 0.043; OR = 0.616, 95% CI = 0.382-0.995, P = 0.048). Meanwhile, compared to the G allele, the A allele carriers had a lower susceptibility of ischemic stroke, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors (OR = 0.812, 95% CI = 0.675-0.978, P = 0.029). And the A allele carriers also had a lower susceptibility of LAA or CES (OR = 0.778, 95% CI = 0.618-0.981, P = 0.034; OR = 0.702, 95% CI = 0.518-0.951, P = 0.023).
At COX-1(rs3842788), compared to the G allele carriers genotype (GG + GA), the AA genotype carriers had a higher susceptibility of ischemic stroke, this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors (OR = 5.203, 95% CI = 1.519-5.159, P = 0.016). And the AA genotype carriers also had a higher susceptibility of CES or SVO (OR = 9.821, 95% CI = 2.754-12.832, P = 0.041; OR = 4.603, 95% CI = 1.220-5.201, P = 0.025).
At COX-2(rs689466), compared to the G allele carriers genotype (GG + GA), the AA genotype carriers had a higher risk of LAA, this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors (OR = 1.404, 95% CI = 1.019-1.934, P = 0.038).
Genotype and allele frequency distributions of SNPs in hypertension/diabetes/smoking and their controls( Table 3) We respectively divided all participants into high risk factor group (hypertension /diabetes/smoking groups) and control group.
As for hypertension group, at all the five SNPs, no significant differences were observed in genotype and allele frequencies between the hypertension group and control group. After we using multivariate analysis by adjusting for age, gender and related risk factors, the result remains negative.
As for diabetes group, (1) At COX-1(rs1330344), compared to the GG genotype, the GA genotype carriers had a lower susceptibility of diabetes, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors(OR = 0.711, 95% CI = 0.507-0.996, P = 0.047), and compared to the G allele carriers genotype (GG + GA), the AA genotype carriers had a higher susceptibility of diabetes, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors(OR = 1.319, 95% CI = 1.036-1.680, P = 0.025).(2)At COX-2(rs20417), compared to the GG genotype, the GC genotype carriers had a lower susceptibility of diabetes, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors(OR = 0.616, 95% CI = 0.391-0.969, P = 0.036).(3) At COX-2(rs689466), compared to the GG genotype, the AA genotype carriers had a lower susceptibility of diabetes, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors(OR = 0.700, 95% CI = 0.502-0.977, P = 0.036).
As for smoking group, (1) At COX-1(rs5788), compared to the CC genotype, the A allele carriers genotype (CA + AA) carriers had a difference between smoking group and control group, this difference remained (2) At COX-2(rs3842788), compared to the GG genotype, the GA genotype and the A allele carriers genotype (GG + GA) had a significant difference between smoking group and control group, and this difference remained significant in multivariate analysis by adjusting for age, gender and traditional risk factors (OR = 0.631, 95% CI = 0.416-0.957, P = 0.030. OR = 0.626, 95% CI = 0.415-0.943, P = 0.025).
MDR analysis
Gene-gene interactions were investigated for ischemic stroke and its subtypes by using MDR, and two models of SVO were statistical significant (Permutation test P value < 0.05, Table 4 ). Among all gene-gene interaction models evaluated, a two-locus model (rs1330344 and rs689466) with the maximum cross-validation consistency (CVC: 10/10) and testing accuracy (0.5304) was regarded as the overall best model in our study. In addition, the best three-locus model (including rs1330344, rs3842788 and rs689466) had a maximum CVC (10) and higher testing accuracy (0.5125).
Additive effect analysis
We used multiple logistic regression analysis to analyze the correlation between the additive effect of COX-1 (rs1330344, rs3842788), COX-2 (rs689466) and ischemic stroke. Setting: the risk allele for each locus was 1, and the remainder was 0. We compared the carrying 1, 2, 3 risk loci to carry 0 risk loci without taking into account the specific loci or genes, just carrying any polymorphic loci count. Compared with those carrying none of the variants, individuals carrying one variant, carrying two variants and carrying three variants had no significant differences of the risk of ischemic stroke or its subtypes. (Table 5 ).
Discussion
COX gene is closely related to the cause of ischemic stroke. COX-1 gene locates on chromosomes 9q32-q33.3, contains 11 exons and 10introns [31] . COX-1 participates in the normal physiological metabolism of the body and regulates platelet function and blood coagulation [9] . When the vascular endothelial is harmed, it will cause the platelet adhesion, aggregation and activation, leading to platelet consumption. At the same time, the blood system will be activated to megakaryocyte, produce more dense granules, high enzyme activity, active function, and increase aggregation and adhesion ability of large volume platelet, further leading to thrombosis [32] . At present, multiple gene polymorphism loci has been found that in the COX-1 gene coding and non-coding area.
As for COX-1, our results showed that rs1330344 and rs3842788 contributed significantly to the occur of ischemic stroke, but the genotype and allele frequencies at rs5788 had no significant difference between ischemic stroke group and the control group. On one hand, at rs1330344, AA genotype may reduce the susceptibility of ischemic stroke, and CES or SVO. Meanwhile, the A allele carriers also may reduce the susceptibility of ischemic stroke, LAA or CES. On the other hand, at rs3842788, the susceptibility of ischemic stroke was fivefold higher in the AA genotype than in the G allele carrier genotype (GG + GA, recessive model); the susceptibility of CES was higher by about 9.8 times; the risk of SVO was higher by about 4.6 times. Our finding matches a study of 859 ischemic stroke patients indicated the rs5788 locus is not related to ischemic stroke in China [23] . But they also suggested that the homozygotes of the minor allele at rs1330344 increase the risk of ischemic stroke recurrence, which was inconsistent with our findings. This difference may be caused we included different type of ischemic stroke patients.
Their study included patients with recurrent ischemic stroke, and all of the patients were classified as one type. Instead, our study included first onset of ischemic stroke patients and grouped them by the TOAST classification. In addition, another study of 196 ischemic stroke patients in Korea revealed that the rs3842788 locus is not associated with ischemic stroke, and a study of 469 ischemic stroke patients in USA also got the same results, both of which were inconsistent with our results [24] . This may because these studies all had relatively small samples and involving different ethnic population. COX-2 gene located on chromosomes 1q25.2-q25.3, contains 10 exons and 9 introns, mainly in the nuclear membrane of cells, so the PGs products can enter the nucleus, which regulates target gene transcription [31] . COX-2 is induced enzyme, exists in vascular endothelial cells, smooth muscle cells and platelets.COX-2 is one of the key enzymes involved in AA generation to PG. [22] It will only highly expressed when the cells affected by various factors participates in physiological and pathological processes of inflammation or tumor [18] . COX-2 expression is 10-20 times higher in patients with atherosclerotic plaques or inflammatory stimuli than in asymptomatic patients with arterial stenosis [33] . Rs20417 and rs689466 are located in the promoter position at COX-2 gene, to participate in regulating gene transcription and specificity, previous studies showed that these loci mutation can change the promoter activity which will affect the expression of COX-2.
As for COX-2, our results showed that the genotype and allele frequencies at rs20417 had no significant difference between the ischemic stroke group and the control group. This conclusion is consistent with a meta-analysis of rs20417 [25] and two studies (411 ischemic stroke patients in China, 469 ischemic patients in USA) [34, 35] . However, there were some controversial researches of rs20417. Francesco et al. [22] observed that the GC and CC genotypes of rs20417 are related to the pathogenesis of ischemic stroke, and C allele may be a genetic protective factor that reduces the incidence of ischemic stroke. Conversely, a study showed that the GC and CC genotypes were commonly found in African-American and European populations affected by ischemic stroke and suggested that COX-2 is an ischemic stroke-susceptible gene [20] . In our study, the difference between ischemic stroke group and control group at rs20417 was not significant, this may due to the difference between our population and genetic heterogeneity. Furthermore, at COX-2(rs689466), we found the AA genotype carriers had a higher risk of LAA, compared to the G allele carriers genotype (GG + GA). Our finding proved that rs689466 was associated with susceptibility to ischemic stroke in China which matched the results of a Chinese population study (Zhejiang Province-224 patients with LAA and 329 patients with SVO [26] ). But the effect of the study was confined to SVO among the stroke subtypes rather than to LAA which was dissimilar to our study. This may be caused by their small amounts of patients. Therefore, it is very important that more large samples and multiethnic studies need to be conducted to verify the association of rs689466 with ischemia stroke in China.
There were some differences observed in genotype and allele frequencies between the diabetes/smoking group [37] . Their conclusion matched another hospital-based case-control study in Turkey [38] . However, our study found that COX-1 rs1330344 and COX-2 (rs20417, rs689466) were associated with diabetes. The racial difference may cause this inconsistent.
Since smoking increases the activity of inflammatory mediators through an increase in leukotriene synthesis essential in atherosclerosis pathogenesis, COX functions as a mediator of the inflammatory response and is also essential in atherosclerosis pathogenesis [39] . Our study found that COX-1 rs5788 and COX-2 rs3842788were associated with smoking, this evidence may explain that the pathogenesis of COX associate with smoking. We had got some statistically significant positive results from the single gene polymorphism research of COX-1 and COX-2 gene. But these results were not entirely consistent with existing research and cannot fully explain the association between each polymorphism in the same gene. Therefore, we conducted a study on the interaction between multiple loci in ischemic stroke. Our study found that COX-1(rs1330344, rs3842788) and COX-2 rs689466 are associated with SVO. Compared with those patients who do not carry any of the variants, individuals carrying one variant, two variants, and three variants had no significant difference between the ischemic stroke and the control groups. Our previous results showed that rs1330344 reduces the risk of ischemic stroke, including CES and SVO, whereas rs3842788 increases the risk of ischemic stroke, including CES and SVO, rs689466 increases the risk of LAA, and the three loci interact with SVO. Our study also had several limitations. First of all, our study only included the Han population in the southwest of China. Secondly, our study only examined two and three loci of the candidate genes and thus may be unable to cover the entire gene linkage disequilibrium signal. Hence, a linkage disequilibrium map of the gene should be constructed to clarify the relationship between this gene and the pathogenesis of ischemic stroke. Thirdly, this study was limited to two genes and three loci to explore the gene-gene interaction in ischemic stroke. The quantification of the environmental factors of ischemic stroke was relatively difficult. Thus, the role of the interaction of environmental factors was not considered in our study. Therefore, future studies on gene interaction should include environmental and epigenetic factors and should also be performed to enhance our understanding of the genetic structure of ischemic stroke, to investigate the molecular mechanism of ischemic stroke, and to provide a new angle for the diagnosis and treatment of ischemic stroke.
Conclusion
At rs1330344, AA genotype may reduce the susceptibility of ischemic stroke. At rs3842788, AA genotype may increase the susceptibility of ischemic stroke. At rs689466, AA genotype may increase the susceptibility of large-artery atherosclerosis (LAA). COX-1(rs1330344, rs3842788) and COX-2 rs689466 interacted in small vessel occlusion (SVO), but had no additive effect with ischemic stroke or its subtypes in a Han population from Southwest China.
Abbreviations CES: Cardioembolic stroke; COX gene: Cyclooxygenase gene; LAA: Largeartery atherosclerosis; SVO: Small vessel occlusion
